Nineteen subjects of non-insulin dependent diabetes mellitus (NIDDM) between the age group of 30 -60 yrs were studied to see the effect of specific yoga asanas on fasting and postprandial blood glucose (FBG, PPG), serum malondialdehyde (MDA) and glycosylated hemoglobin (HbA~) in addition to drug treatment and diet control. The duration of diabetes ranged from I -10 years. Patients with renal, cardiac and proliferative retinal diseases were excluded from the study. The same patients served as their own control. Subjects were called in the moming to the cardio-respiratory laboratory and were given training by a yoga expert. Yoga asanas included 8uryanamskar, Tadasan, TriKonasan, Padmasan, Pranayam, Paschimottanasan, Ardhmatsyendrasan, Pavanmukthasan, Sarpasan and Shavasan. The asanas were done every day for 40 days for 30 -40 rain. FBG, PPG, serum I~IDA and HbA~ were estimated before and after 40 days of yoga asanas regimen. Significant reduction was seen in FBG from 220 mg I dl to 162 mg I dl, PPG from 311 mg I dl to 266 mg I dl, MDA from 6 nmol I I to 3 nmol I I and HbA~ from 8.8 % to 6.4 %. Subjects felt better and were relieved of their stresses and had an improvement in their day to day performance. The decrease was statistically significant (p < 0.0001 for FBG and PPG, p < 0.001 for MDA and for HbA~).
INTRODUCTION
Oxidative stress is implicated in a number of diseases including diabetes mellitus. Enhanced oxidative stress along with decreased antioxidative status causes progression of the disease (1) . Antioxidant defenses are located intra and extra cellularly. A diet rich in fruits, nuts, grains and vegetables rich in Vitamin E has antioxidant effect and seems to protect the stressful effect of glucose metabolism (1) (2) (3) . However, asantioxidant defenses are not completely efficient, increased free radical formation in the body is likely to increase damage. Commonly produced free radicals like superoxide Author for correspondence: Dr. Savita Singh, Professor of Physiology, at above address (0-) and nitric oxide (NO*) are not highly reactive but under certain circumstances generate toxic products that are harmful (1) . The role of oxygen free radicals in causing damage and destruction may be irreversible/reversible and involves nucleic acids, proteins, amino acids, lipids, lipoproteins, carbohydrates and connective tissue macromolecules. Oxidative stress, the term used for deleterious free radical formation collectively, is present in a number of conditions like inflammations, induced by exercise, aging, cancer and in many other stressful disease (4-8).
In non-insulin dependent diabetes melUtus (NIDDM) there is derangement of carbohydrate, lipid and protein metabolism due to insulin or its receptor deiidency (9). There are some reporis on the becc=fidal effects of yoga asanas and I or meditation on fasting and postprandial blood glucose (FBG and PPG) (10,11). To our knowledge there are, however, no reports on the combined effect of yoga asanas, breathing exercises (Pranayama) and meditation on malondialdehyde (MDA) in diabetic patients. This aspect is studied and preliminary _re~__Jl ts are presented here.
MATERIALS AND METHODS
Nineteen men and women of NIDDM (mild to moderate diabetics) in the age group of 30 -60 years were selected from the out patient clinic of G.T.B. hospital for the present study. All the patients were non smoke~, middle d_n~-~_ ~, literate and were on drugs (duration 1 -10 years) and diet control. None of the patients had apparent cardiac, renal, hepatic, retinal or any other complication. After initial assessment and detailed information about yoga, written consent wastaken from them Every one received ~lised attention and supervision of a yoga expert during yoga sessions, carried out in the cardio-respiratory laboratory in Physiology department in the morning time (30-40 min) every day for 40 days. Patients were kept on the same drug and diet control through out the study before and after yoga therapy. The basal parameters studied included biochemical investigations FBG, PPG, MDA and HbAI level besides having ECG, nerve conduction and pulmonary function tests. Blood sugar measurements ~=re done by glucose oxidase method of Trinder (12) , MDA by that of Satoh (13) and HbA 1 by ion exchange resin kit (Stangen immunodiagnostics). Table 1 . shows the different asanas done (14) with their duration (11) . Blood glucose (fasting and postprandial), MDA and HbA1 were estimated before and after 40 days of yoga asanas. So the same patients served as their own control. 
RESULTS

Shavasana
3-7 turns of each, the pose being maintained for ten seconds adding one tum each, every fortnight 3-7 turns of each, the pose being maintained for ten seconds adding one turn each, every fortnight 88 minute to one minute, adding t/4 minute per week t/4 minute to one minute for each side, adding 88 minute per week 88 minute to one minute, adding 88 minute per week 88 minute to one minute, adding 88 minute per v,,."~ 5-15 minutes per day 88 minute to one minute for each side, adding 88 minute per week 88 minute to one minute for each side, adding 88 minute per week % minute to one minute, adding 88 minute per week 88 minute to one minute for each side, adding 88 minute per week 3-7 turns of each, the pose being maintained for ten seconds adding one tum each, every fortnight 3-7 turns of each, ~ pose being maintained for ten seconds adding one tum each, every fortnight 3-7 turns of each, the pose being maintained for ten seconds adding one turn each, every fortnight 2-10 minutes, adding 2 minutes per week 
These asanas are described m reference 14 and their duration m reference 11
DISCUSSION
In diabetes mellitus because of prolonged hyperglycaemia there is increased oxidative stress resulting in, an increased free radical production and insufficient antioxidant defense status due to improper utilisation of glycogen by the tissues (15) (16) (17) (18) . The high oxidative stress is reflected by higher MDA level of 5-8 mmol/ml in diabetic patients when compared with normal value of 2-4 mmollml. Higher MDA levels are seen in a number of diseases and not just in diabetes (NIDDM) only, which is due to defidency of insulin and defect in insulin receptors. Higher MDA level straws abnormal lipid peroxidation which adds to the complications of diabetes (19) (20) (21) (22) .
Physical exercise improves blood sugar, but paradoxically increases oxidative stress. However, a controlled relaxation stretch exercise produced significant reduction of glucose, glycosylated hemoglobin and lipid I:Xofile. Acc(xding to Sahay (11) , Yoga Mudra and Salabhasan are harmful to diabetic patients because they increase blood glucose level instead of decreasing. So ~ exduded _the,~__ two from the yoga asanas recommended to diabetic patients in the present study. There are reports to show that practice of yoga and meditation reduce the plasma level of lipid peroxidation and is associated with decreased oxidative stress (23) (24) (25) . The level of MDA reduction is shown in ~atic diseases. In the present study, the level of MDA was measured to show the level of stress in diabetes (NIEK3M). The relaxation stretch exercises resulted in a stable autonomic balance, relative hypometabolic state and improvement in physical and mental efficiencies (26, 27) .
Yoga asanas in combination with conventional medical treatment provides a better metabolic control giving a feeling of general well being, alertness and atterYdveness without any side effects. Yoga practice improves the status of NIDDM probably by more than one way (28) . In the present study, fasting ancl postprandial blood glucose, glycosylated hemoglobin and MDA also came down, which is statJstically significant at p < 0.001 level. Vadous yoga asanas may be directly rejuvenating I regenerating cells of pancreas as a result of which there may be increase in utilisation and metabolism of glucose in the peripheral tissues, liver and adipose tissues through enzymatic process (28) . Combined beneficial effects could be utilised by performing asanas, meditation along with conventional anlJdiabelic regimen. However, a detailed study of the levels of insulin and enzymes as well as pancreatic functions is necessary to know about the underlying mechanism.
Yoga asanas on oxidative stress in NIDOM
In conclusion, these studies show that combination of yoga asanas, breathing exercises and meditation not only shows better glycemic control but also reduces oxidative stress and improves day to day performance, which is in agreement with the findings of eadier workers.
